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Abstract
This study examines the effects of public preschool expenditures on the math and science scores
of 4th graders, holding constant child, family, and school characteristics, other relevant social
expenditures, and country and year effects, in seven Organization for Economic Co-operation and
Development (OECD) countries -- Australia, Japan, Netherlands, New Zealand, Norway, U.K.,
and U.S -- using data from the 1995 and 2003 Trends in International Mathematics and Science
Study (TIMSS). Our results indicate that there are small but significant positive effects of public
preschool expenditures on the math and science scores of 4th graders and preschool expenditures
reduce the risk of children scoring at the low level of proficiency. We also find some evidence that
children from low-resource homes and homes where the test language is not always spoken may
tend to gain more from increased public preschool expenditures than other children,.
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INTRODUCTION
Early childhood education and care (ECEC) has become an important public policy issue in
many countries, as policymakers, researchers, and parents have increasingly come to
recognize the value of early education for later learning. By 2001, the share of children in
preschool the year prior to school entry was near universal in Belgium, France, Norway,
Sweden, and the United Kingdom, and approached two-thirds in the United States
(Organization for Economic Co-operation and Development (OECD), 2001).
However, countries differ in their approach to whether families or government should bear
the cost and responsibility of providing ECEC services. Many European countries consider
ECEC a public responsibility and have been moving to universal and free or heavily
subsidized ECEC programs for all children regardless of family income or the employment
status of parents, while the U.S. continues to rely mainly on family members, employers,
and private ECEC programs (Kamerman & Waldfogel, 2005; Smolensky & Gootman, 2003;
Waldfogel, 2006a, 2006b). Although overall public investment in ECEC is still relatively
low in most countries, with the average expenditure on preschool programs per capita as a
percentage of that on primary school programs ranging from 12% to 17% in OECD
countries since 1985, spending is substantially lower in the U.S., where the comparable
figures are 0.2–0.5% (OECD, 2005a, 2005b).
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Do such cross-country differences in preschool expenditures have consequences for
children's school achievement? Although studies in individual countries such as the U.S.
have shown short- and long-term positive effects of publicly financed ECEC programs such
as Head Start and pre-kindergarten, there is little cross-national evidence on the effects of
public preschool expenditures. Ideally, we would like to know if, across countries, preschool
expenditures improve school achievement for children on average, as well as whether such
expenditures provide a disproportionate boost to children at risk of poor school achievement.
Our study provides some preliminary evidence on these questions by examining whether
public preschool expenditures are associated with math and science scores for 4th graders,
holding constant child, family, and school characteristics as well as country and year effects.
Our analysis makes use of two waves of micro-data from the Trends in International
Mathematics and Science Study (TIMSS) in seven OECD countries, supplemented with
OECD data on public expenditures in those countries over time on preschool, primary
school, and other key social programs for families and children. We also examine whether
preschool expenditures matter more for children who may be at risk of poor school
achievement, as indexed by having low levels of resources in the home or not always
speaking the test language at home.
BACKGROUND AND CONCEPTUAL FRAMEWORK
To justify public expenditures on ECEC, one critical issue for researchers to explore is the
effects of such expenditures on school readiness and school achievement. Economic theory
suggests that to the extent that public preschool expenditures improve the availability and
quality of ECEC programs, this should lead to greater school readiness and school
achievement (Heckman & Krueger, 2003). Public expenditures may allow care to be
provided to more children and also may improve the quality of care by making it possible to
recruit and retain more highly-qualified staff, reduce child/staff ratios, equip sufficient and
quality facilities, and maintain an effective support and monitoring system (OECD, 2001).
However, additional expenditures may not increase access to care if parents simply
substitute publicly provided care for care they would have purchased anyway, and may not
improve the quality of care if the publicly provided care is not of better quality than the care
children were placed in previously (Blau, 2001).
To the extent that public preschool expenditures increase access to care and possibly the
quality of that care, there are several reasons to expect that children from disadvantaged
families might benefit more than other children from expansions in public preschool
expenditures. First, disadvantaged children might be more likely than more advantaged
children to receive no care or inferior quality child care in the absence of public spending.
For instance, in the U.S., large disparities in preschool enrollment rates exist between lower-
income and higher-income children, and between Hispanic children and non-Hispanic
children (Bainbridge et al., 2003; Meyers et al., 2004). Second, disadvantaged children
might gain more than other children from a given level of provision. Many studies of
preschool have found that the benefits are larger for children who come from more
disadvantaged backgrounds than for their more advantaged peers (Magnuson & Waldfogel,
2005).
Although studies in individual countries, in particular the U.S., have shown short- and long-
term positive effects of publicly financed ECEC programs such as Head Start (Currie 2001;
Currie & Thomas, 1995; Garces, Thomas, & Currie, 2002; Puma et al., 2005) and
prekindergarten (Barnett, Lamy, & Jung, 2005; Gormley & Gayer, 2005; Gormley et al.,
2005; Magnuson et al., 2004 and in press), there is little cross-national evidence on the
effects of public preschool expenditures. We were not able to locate any prior studies that
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examined the effects of public preschool expenditures on children's school achievement
across countries and over time.
Cross-national studies are potentially useful because they take advantage of policy variation
across countries. However, a challenge to causal inference is that there might be unobserved
variables that are correlated with individual or national indicators and that affect child
outcomes. Our study aims to address this challenge by using multiple waves of data and
including country and year fixed effects. Nevertheless, we recognize that with only two
waves of data, our power to detect effects will necessarily be limited, and therefore we plan
to include further waves of data (as those become available) in future work.
Our approach draws on two prior literatures. First, we build on studies such as Hampden-
Thompson and Johnston (2006) which have demonstrated that some individual-level
variables, including both school (e.g., curriculum and teacher qualifications) and non-school
(e.g., students' socioeconomic and immigrant status) factors, are key predictors of children's
educational achievement. Including such individual-level controls is essential, particularly
given the differences in school and non-school characteristics of children across countries.
Second, to inform our analysis of the role of policies, we draw on two cross-national studies
that have examined the effects of parental leave policies, and other child and family policies,
on infant health (and other outcomes). These exemplary studies by Ruhm (2000) and Tanaka
(2005) use multiple waves of data across countries over time and include country and year
fixed effects, as well as controls for other relevant social expenditures. The inclusion of the
country and year fixed effects is key, since it means that the analyses provide estimates of
the effects of changes in policies within countries over time. In the case of parental leave,
these studies indicate the effect on infant health of a country extending its period of paid
parental leave, holding constant fixed characteristics of the country as well as secular trends
in infant health across countries over time. We utilize a similar approach here, although as
noted we are limited in that we have only two waves of data at present.
Thus, our study expands on the prior literature on the effects of public preschool
expenditures on student achievement in two ways. First, utilizing a similar methodology to
Ruhm (2000) and Tanaka (2005) in their work on parental leave policies, our study provides
the first cross-national evidence as to whether public preschool expenditures are associated
with higher math and science scores for 4th graders, holding constant child, family, and
school characteristics, other relevant social expenditures, and country and year effects.
Using the same methodology, we also provide evidence on whether preschool expenditures
matter more for children from disadvantaged backgrounds.
DATA
We use data from two waves of TIMSS, 1995 and 2003. TIMSS collects educational
achievement data, as well as extensive background information regarding child, family,
teacher, and school factors related to the learning and teaching of math and science, for
children who are primarily in the 4th grade and 8th grade. This study uses data on 4th
graders, so that we can estimate the effects of preschool experiences as close to school entry
as possible. We focus our analysis on countries who are present in both waves of the TIMSS
data and for whom we have complete data on public expenditures, our main independent
variable of interest. Our sample includes all seven countries that meet both conditions:
Australia, Japan, Netherlands, New Zealand, Norway, U.K., and U.S.
Our outcome variables are the math and science test scores of children in the 4th grade in
TIMSS 1995 and 2003. The test scores are comparable across countries in each wave, but
their distributions vary across the two waves. For example, the math scores in the 1995 wave
have a mean of 542 with a standard deviation of 91, while in the 2003 wave, the mean is 512
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with a standard deviation of 81. To make them comparable between waves, the test scores
are standardized in each wave to have a mean of 100 and a standard deviation of 10.
Because the TIMSS survey is administered at school rather than at the household, it lacks
some important socio-demographic information about the child's parents and family
background. For example, the TIMSS 1995 and 2003 for 4th graders have no information
about parents' education1 and employment or family structure and income. However, the
TIMMS does include some information gathered from the child about his or her home
environment. In this study, we use information that is likely to reflect the socioeconomic
status of the family and the family's attitudes towards and support for education, including
variables for the immigration status of parents, whether the test language is always spoken at
home, the number of books in the home, and controls for whether the child has a calculator,
computer, study desk, or dictionary at home.
We use several strategies to keep observations with missing values in the analysis. For
categorical variables, a category of missing is created to flag observations with missing
values. For continuous variables, the means of the non-missing observations are used to
impute the missing values, and a dummy variable is created to note whether the values of
observations are missing or imputed. In both cases, the categories that indicate missing
observations are always included in the regression models (but for the sake of simplicity, we
do not report the coefficients on those missing variable dummies). The percentage of cases
missing data on any item is shown in Table 1.
Our final analysis sample includes 62,294 observations, with 28,437 from TIMSS 1995 and
33,857 from 2003. As shown in Table 1, the distribution of children participating in TIMMS
from our seven sample countries is fairly constant across the two waves, although Australia
dropped from being 23% of the sample in 1995 to 13% in 2003. On average, children in the
sample were about 10 years old and evenly distributed by gender. About 16% of the children
in 1995 and 22% in 2003 had parents born in a foreign country, and about 10% of the
children did not always speak the test language at home. Most of the children spent some
time doing jobs at home and reading books for enjoyment. The majority of children had
more than 25 books at home, and had a calculator, computer, study desk, and dictionary at
home.
TIMMS also includes extensive data about teacher and school characteristics that are likely
to matter for students' achievement in math and science. Descriptive statistics for these
variables are also shown in Table 1. .
Our data on public expenditures on preschool and primary school education are extracted
from the OECD Online Database (OECD, 2005a). We convert the data on total public
expenditures on preschool and primary school to expenditures per child by dividing the total
expenditures on each item by the number of children in the relevant age group. Thus, our
measures capture how much the government spends per child in that age group, not how
much the government spends per enrolled child. This is the correct measure since we want
to gauge both how many children the public expenditures reach and how generous the
expenditures are per enrolled child. (This distinction is of little importance for primary
school, but is important for preschool since the share of children served by public programs
is not 100% and varies considerably across countries).
Data on other public social expenditures per capita, including spending on family cash
benefits, health, and other social spending (this consists of programs such as old age
1The TIMSS 1995 and 2003 data on 8th graders do include information on parental education.
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benefits, survivors, incapacity-related benefits, employment, unemployment, and housing)
are from OECD Health Data 2005 (OECD, 2005b). These figures are provided by OECD on
a per capita basis and we use them in this form (it would not be correct to standardize on a
per child basis as these expenditures are intended to reach adults as well as children). All the
expenditure figures are exchanged into 2000 U.S. dollars adjusted by purchasing power
parity (PPP) so that they are comparable across countries and years.
We then assign to each child the average value of the expenditure variables in his or her
country during his or her preschool years, and during his or her primary school years. For
children in the 4th grade in 1995, we define their preschool years as 1985–1991, and their
primary school years as 1991–1995. For children in the 4th grade in 2003, we define their
preschool years as 1993–1999, and their primary school years as 1999–2003.
Table 2 shows that Norway had the highest expenditures per child on preschool programs in
both waves, while Japan and Australia ranked as the lowest spending countries. The U.S.
ranked third among the seven countries in both years with the second highest increase in the
level of spending from 1995 to 2003. Norway raised its preschool expenditures dramatically
during this period while Australia, in contrast, reduced its spending. All countries spent
substantially more per child on primary school expenditures than on preschool expenditures.
Norway again was the highest spender on primary school expenditures per child, followed
by the U.S. Norway also had the highest expenditure per capita on family cash benefits,
health, and other social programs during both waves, while the U.S. mostly stood in the
middle among these countries.
METHODS
We would like to know whether higher public preschool expenditures are associated with
better student achievement, holding constant other factors that vary across countries, as well
as across students. Ideally, we would like to control for observed country differences and
also unobserved country-level factors that may be correlated both with higher spending and
with better outcomes.
To address the problem of unobserved heterogeneity across countries, this study uses
ordinary least squares (OLS) regression analysis with country and year fixed effects, as well
as controls for school and non-school factors. The inclusion of country and year fixed effects
is important, as it means that our estimates of the effect of preschool expenditures reflect the
effect of changes in those expenditures within countries over time. Since other expenditures,
such as primary education and social expenditures may also affect the educational
achievement of children in the 4th grade, our analysis also controls for public expenditures
on primary education and other social programs.
The basic model used in this study is:
where Sict represents the test scores of individual child i from country c at time t; γc is the
country fixed effect; γt stands for the year fixed effect; Xict represents a vector of child,
family, teacher, and school characteristics related to individual child i in country c at time t;
Ect indicates public expenditures, including expenditures on preschools, primary schools,
and other social programs, in country c at time t; and ε is a random error term.
Our estimation approach involves a series of increasingly controlled models, so that we can
see first the raw differences in school achievement across countries and then how those
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differences change as controls for key sets of predictor variables are added. Our first model
predicts children's math and science scores in the 4th grade as a function only of country
fixed effects and a control for the earlier wave of data, 1995. We include country dummies
for Australia, Japan, Netherlands, New Zealand, Norway, and U.K., so our base case is a 4th
grader from the U.S. in 2003. Model 2 adds controls for child age, gender, and family size,
controls for whether the child had a parent who is an immigrant and whether the test
language was always spoken at home, and controls for the child doing jobs and reading
books at home, as well as home resources such as having fewer than 25 books in the home
and not having a calculator, computer, study desk, or dictionary. Model 3 adds teacher and
school characteristics, including the teacher's age, gender, education, years of teachers, class
size, urban location, percent of students absent, and percent of students from disadvantaged
families. Then, we estimate five additional models exploring the role of preschool and other
policies. In Model 4, we add a control for public expenditures on preschool per child as well
as primary education expenditures per child. These controls capture the main variable of
interest in this study – public preschool expenditures – as well as primary school
expenditures which are important in their own right and may also be correlated with
preschool expenditures. As a robustness check, in Model 5, we add detailed controls for
three other types of social expenditures (family cash benefits, health, and other social
programs) that occurred during the child's preschool years, while in Model 6 we add detailed
controls for the amount of expenditures on these three other categories of programs during
the child's primary school years to date. As a further robustness check, Models 7 and 8
control instead for measures of total other expenditures during the preschool years and
primary school years.
To examine whether disadvantaged children benefit more from preschool expenditures than
their peers, we add interactions between disadvantaged background factors and public
expenditures to the models. We use two sets of background factors to measure possible
disadvantage. The first set includes measures of low resources including whether the child
did not have a calculator, computer, study desk, or dictionary at home. The second set
includes a variable for whether the test language was not always spoken at home.. Both sets
of factors have been found to have strong effects on student test scores across countries (see
for example Esping-Anderson, 2005). We do not use the immigrant status of the family as
an indicator of disadvantage, because the links between immigrant status and school
achievement are likely to vary a good deal depending on factors such as the family's country
of origin, the parents' education and employment status, and the policies of the receiving
country (see for example Schnepf, 2004).
RESULTS
The results for children's math scores are shown in Table 3. We begin with a model that
simply estimates raw differences across countries, as compared to the base case of a 4th
grader in the U.S. in 2003. The results indicate that 4th graders from Japan and the
Netherlands out-score 4th graders from the U.S. by about 6.7 and 4.5 points respectively.
Since the standard deviation of the test score outcome variable is 10, these coefficients
translate into differences of .67 and .45 of a standard deviation respectively. Fourth graders
in the other four countries have mean scores ranging from .07 standard deviations above the
U.S. mean to .58 standard deviations below the U.S. mean.
We next add controls for child age, gender, and family size, parent immigrant status and
language at home, and other child and home characteristics (Model 2). These controls affect
math scores in the expected direction, with children of immigrants, children who do not
always speak the test language at home, and children with fewer books or lacking other
resources in the home scoring more poorly in math, but adding them to the model does not
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substantially alter the country positions. In Model 2, 4th graders from the Netherlands, for
instance, have an advantage of .36 of a standard deviation, as compared to .45 in Model 1.
The addition of teacher and school characteristics in Model 3 has a somewhat larger effect
on the country coefficients. The Netherlands advantage, for instance, is reduced to 0.26 of a
standard deviation. Like the child and family characteristics, the teacher and school
characteristics work as expected. For instance, children have higher math scores when they
have teachers who have more experience and are in smaller classes, and when they are in
schools that have lower absentee rates and lower percentages of disadvantaged students.
Model 4 adds the control for public preschool expenditures per preschool age child. The
coefficient is small but statistically significant, indicating that a $100 per child increase in
public preschool expenditures is associated with a gain of .07 of a standard deviation in 4th
graders' math scores. The model also controls for public primary school expenditures per
school age child, but the coefficient on this variable is negative, indicating that when
countries increase their primary school expenditures by $100 per child, math scores fall by
an average of .03 of a standard deviation. This latter result is somewhat puzzling but is not
inconsistent with the prior literature which finds that higher school expenditures are not
always associated with improved school achievement (Hanushek, 2006). One possible
reason is that such expenditures may be endogenous (if school spending goes up when
achievement is lagging or when more special needs students are enrolled).
Adding the controls for preschool and primary school expenditures in Model 4 does alter
some of the country coefficients. Most dramatically, the coefficient for the Netherlands
switches sign and is now .51 of a standard deviation below the U.S. average, suggesting that
preschool expenditures play a role in explaining the Netherlands' superior position in the
prior models. New Zealand and U.K. also have more negative means relative to the U.S.
than they did in prior models, suggesting that that for them as well, higher preschool
expenditures confer advantages relative to the U.S.
As a robustness check, we estimate four additional models, adding detailed controls for
other social expenditures during the preschool years (Model 5), detailed controls for other
social expenditures during both the preschool and primary school years (Model 6), controls
for total other social expenditures during the preschool years (Model 7), and controls for
total other expenditures during the preschool and primary school years (Model 8). These
expenditure variables are fairly highly correlated and it may not be appropriate to control for
all of them in the same model. However, if these controls are omitted, our estimates of the
effects of preschool expenditures may be biased. Therefore, we do not emphasize results
from one model but rather consider the range of preschool coefficients across models. In the
models with detailed controls for other expenditures, the effect of a $100 per child increase
in preschool expenditures increases to .11 (Model 6) and .13 (Model 5) of a standard
deviation. When we instead add controls for total other expenditures during the preschool
years or preschool and primary school years, the effect of a $100 per child increase in
expenditures falls again, to .08 (Model 7) and .09 (Model 8) of a standard deviation.2
Selected results for children's science test scores, focusing on the effect of public preschool
expenditures, our main independent variable of interest, are shown in Table 4 (complete
results are available on request). As with math scores, we find that public preschool
expenditures have small but statistically significant effects on 4th graders' science scores.
2As a further robustness check, we re-estimated our models dropping Norway, which might be viewed as an outlier given its high
level of preschool expenditures. In results not shown but available upon request, the coefficients on the preschool expenditure variable
were basically unchanged. We also re-estimated the models including only the four Anglo-American countries (U.S., U.K., Australia,
and New Zealand) as they arguably are a more homogeneous group. In those results (not shown but available upon request), the
coefficients on the preschool expenditure variable were larger than for the full seven country sample (ranging from .008 to .032)
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These effects are considerably smaller than they are for math scores, ranging from a
coefficient of .003 (Model 4) to a coefficient of .007 (Model 5), implying that a $100 per
child increase in expenditures would be associated with an increase of between .03 and .07
of a standard deviation in science test scores.3
We also conduct supplemental models to examine whether public preschool expenditures
reduce the risk of low-level proficiency. Low-level proficiency refers to students'
performing at or below the low international benchmark (400 for both math and science
scores), at the level of which students show some basic knowledge of math and science4.
We find that higher preschool expenditures significantly reduce the likelihood that a child
performs at the low level of proficiency, although the magnitude of the effect is small
(results not shown but available upon request).
We now turn to the question of whether the effects of preschool expenditures are larger for
more disadvantaged children. We consider several measures of low resources in the home:
not having a calculator; not having a computer; not having a study desk; and not having a
dictionary. These measures are highly correlated (Pearson correlation coefficients larger
than 0.66) and factor analysis indicates that they load onto one factor. In the interests of
space, we show results for only one measure, not having a calculator (results using the other
three measures are similar and are available upon request).
We begin with our simplest preschool expenditure model from Tables 3 and 4 (Model 4) and
test for differential effects of preschool expenditures for disadvantaged children by adding
interaction terms to the model.5 Thus, when testing for larger (or smaller) effects for
children who lack a calculator in the home, we include (in addition to the main effect for
lacking a calculator and the control for public preschool expenditures per child) an
interaction term for lacking a calculator and the level of public preschool expenditures per
child. The coefficient on the interaction term tells us whether the effect of public preschool
expenditures is significantly different for children who lack a calculator in the home than for
other children.
The results for math scores are shown in first three columns of Table 5, and the results for
science scores are shown in the next three columns. As can be seen in Table 5, we find that
not having a calculator in the home is associated with significantly lower math and science
scores. Moreover, the interaction between not having a calculator and preschool
expenditures is positive and significant in both models, indicating that preschool
expenditures are more beneficial for children who lack this resource in the home. (As noted
above, results for the other indicators of low resources in the home were similar).
Finally, we consider whether preschool expenditures are more beneficial for children who
do not speak the test language at home, as this may also disadvantage them in math and
science. Across both math and science, we find that children who do not speak the test
language at home score significantly more poorly, and the interaction between preschool
expenditures and not speaking the test language at home is positive and significant in the
science model, although not in the math model (Table 5). These results provide some
evidence that preschool expenditures are more beneficial for children who do not always
speak the test language at home, at least in science.
3Again, these results (not shown but available upon request) were robust to dropping Norway, or estimating the models just for the
four Anglo-American countries.
4For details about the international benchmarks of math and science achievement, see Mullis et al. (2004) and Martin et al. (2004).
5We also estimated interaction models based on Models 5–8, where we interacted the group indicator (for example, child of
immigrant) with each of the expenditure variables. In results not shown but available on request, the effects of the interaction between
the group indicators and public preschool expenditures were basically the same as in the results presented in Table 5.
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This study examined the effects of public preschool expenditures on the math and science
scores of 4th graders, holding constant child, family, and school characteristics, other
relevant social expenditures, and country and year effects, using data from the TIMSS 1995
and 2003 waves for children from seven OECD countries -- Australia, Japan, Netherlands,
New Zealand, Norway, U.K., and U.S. We also explored whether preschool expenditures
matter more for children who may be at risk of poor school achievement, as indexed by
having low levels of resources in the home or not always speaking the test language at
home.
Our results indicate that there are small but significant positive effects of public preschool
expenditures on the math and science scores of 4th graders. Across our sample countries,
public preschool expenditures per child range from a low of $156 per child in Japan in 1995
to a high of $3415 per child in Norway in 2003; the median increase from 1995 to 2003 was
$245 per child (in New Zealand). We find that an increase in preschool expenditures of $100
per child would lift children's math scores by .07 to .13 of a standard deviation, and would
raise their sciences scores by .03 to .07 of a standard deviation. These estimates are
somewhat sensitive to how we control for other social expenditures but in each model
remain positive and statistically significant. In supplemental models, we find that preschool
expenditures also reduce the risk of children scoring at a low level of proficiency, in both
science and math.
We find evidence that children from low-resource homes may gain more from increased
public preschool expenditures than other children and that children who do not always speak
the test language at home may gain more from preschool expenditures, at least in science.
Thus, this study provides evidence that increasing public preschool expenditures would raise
children's math and science achievement and that such expenditures would help close gaps
in achievement between less and more advantaged students.
A key concern in this study is controlling for unobserved heterogeneity across countries that
may be correlated with both public spending and student achievement. We attempt to
address this heterogeneity by using multiple waves of data and including country fixed
effects as well as year effects, but as noted earlier, our analyses are limited in that we have
only two waves of data per country. We can not be certain that we have controlled for all the
factors that vary across countries and that may matter for student achievement as well as
public spending. The TIMSS data on 4th graders contain few controls for key family
background variables such as parental education or for the quality of preschool or school
programs that children attend. Moreover, we do not control for private expenditures on
preschool, or for differences in the types of programs funded by public expenditures.
In spite of these shortcomings, it is striking how consistent our results are across models in
pointing to a small but significant positive association between public preschool
expenditures and higher student math and science scores in the 4th grade. These results
suggest that public preschool expenditures may play a role in raising children's math and
science achievement. The exact magnitude of these effects, how they come about, and
whether and how they vary across different groups of children are all excellent topics for
further research. In particular, future research should consider the extent to which preschool
programs help children of immigrants close achievement gaps. The answer to this question
is likely to vary a good deal by country. In some countries, children of immigrants may be
less likely to attend such programs than their native peers. Furthermore, as discussed earlier,
the links between being a child of immigrant and school achievement may vary considerably
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across countries, depending on many factors such as their country of origin, parents'
education and employment, family income and assets, and policies of the receiving country.
Our results do have some implications for policy. As indicated earlier, compared to the
funding allocated to primary school education, the overall public investment in ECEC is
relatively low in most countries. Data in Table 2 show that in 2003 the average expenditure
on preschool programs per child as a percentage of that on primary school programs ranged
from 2.8% in Australia to 24.4% in the Netherlands, with 16.5% in the U.S. in the middle. If
this percentage increased to 50% in all countries studied, preschool expenditures would be
raised by between $1,511 (in U.K.) and $3,143 (in Australia). Based on the findings in this
study, such increases would lift children's average math scores by 1.06 to 4.09 of a standard
deviation and their average science scores by .45 to 2.20 of a standard deviation. The
increases are likely to be even larger for the most disadvantaged children. Therefore, our
results support the importance of policy makers increasing preschool expenditures to help
children, especially those from low-resource families, boost their school achievement and
avoid being left behind.
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Table 1
Descriptive Statistics of Child, Family, Teacher, and School Characteristics
Variables 1995 (N = 28,437) 2003 (N = 33,857)
Participated Countries
  Australia 0.23 (0.42) 0.13 (0.33)
  Japan 0.15 (0.36) 0.13 (0.34)
  Netherlands 0.09 (0.28) 0.09 (0.28)
  New Zealand 0.09 (0.28) 0.13 (0.33)
  Norway 0.08 (0.27) 0.13 (0.33)
  U.K. 0.11 (0.31) 0.11 (0.31)
  U.S. 0.26 (0.44) 0.29 (0.45)
Child and Familv Characteristics
 Child's age
  Months (imputed) 122.20 (5.47) 121.58 (5.39)
  Missing 0.02 (0.13) 0.02 (0.14)
 Girl
  Yes 0.50 (0.50) 0.50 (0.50)
  No 0.50 (0.50) 0.50 (0.50)
  Missing 0.00 (0.06) 0.00 (0.02)
 Number of family members
  Members (imputed) 4.89 (1.52) 4.76 (1.34)
  Missing 0.19 (0.39) 0.04 (0.20)
 Child of immigrants
  Yes 0.16 (0.36) 0.22 (0.42)
  No 0.63 (0.48) 0.69 (0.46)
  Missing 0.22 (0.41) 0.09 (0.28)
 Always speaking test language at home
  Yes 0.68 (0.47) 0.89 (0.31)
  No 0.10 (0.31) 0.09 (0.29)
  Missing 0.22 (0.41) 0.02 (0.14)
 Child does jobs at home
  No time 0.15 (0.35) 0.16 (0.37)
  Less 1 hour 0.48 (0.50) 0.45 (0.50)
  1–2 hours 0.22 (0.41) 0.20 (0.40)
  More than 2 hrs 0.10 (0.30) 0.14 (0.35)
  Missing 0.06 (0.24) 0.05 (0.21)
 Child reads books for enjoyment
  No time 0.19 (0.39) 0.20 (0.40)
  Less 1 hour 0.43 (0.50) 0.42 (0.49)
  1–2 hours 0.21 (0.41) 0.20 (0.40)
  More than 2 hrs 0.10 (0.30) 0.14 (0.35)
  Missing 0.06 (0.24) 0.05 (0.21)
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Variables 1995 (N = 28,437) 2003 (N = 33,857)
 Number of books at home
  0–25 books 0.14 (0.35) 0.29 (0.46)
  More than 25 books 0.66 (0.47) 0.68 (0.47)
  Missing 0.19 (0.39) 0.02 (0.15)
 Have a calculator at home
  Yes 0.74 (0.44) 0.90 (0.30)
  No 0.08 (0.28) 0.06 (0.24)
  Missing 0.18 (0.38) 0.04 (0.19)
 Have a computer at home
  Yes 0.52 (0.50) 0.86 (0.35)
  No 0.30 (0.46) 0.11 (0.31)
  Missing 0.18 (0.38) 0.03 (0.17)
 Have a study desk at home
  Yes 0.71 (0.45) 0.82 (0.39)
  No 0.11 (0.31) 0.16 (0.36)
  Missing 0.18 (0.38) 0.03 (0.16)
 Have a dictionary at home
  Yes 0.71 (0.45) 0.84 (0.37)
  No 0.11 (0.31) 0.14 (0.34)
  Missing 0.18 (0.38) 0.02 (0.15)
Teacher and School Characteristics
 Teacher's age
  Young (<30) 0.15 (0.36) 0.19 (0.39)
  Middle age (30–49) 0.60 (0.49) 0.49 (0.50)
  Old age (50+) 0.15 (0.36) 0.24 (0.43)
  Missing 0.10 (0.30) 0.08 (0.28)
 Female teacher
  Yes 0.63 (0.48) 0.70 (0.46)
  No 0.27 (0.44) 0.22 (0.41)
  Missing 0.10 (0.29) 0.08 (0.27)
 Teacher's education
  Secondary & lower 0.33 (0.47) 0.22 (0.41)
  BA/equivalent 0.29 (0.45) 0.50 (0.50)
  MA/PHD 0.12 (0.32) 0.19 (0.39)
  Missing 0.26 (0.44) 0.09 (0.28)
 Teacher's years of teaching
  Years (imputed) 15.64 (8.54) 14.82 (10.12)
  Missing 0.10 (0.31) 0.10 (0.30)
 Teacher's class size
  Number of children (imputed) 26.97 (6.23) 26.01 (5.78)
  Missing 0.16 (0.37) 0.29 (0.45)
 Rural area of school
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Variables 1995 (N = 28,437) 2003 (N = 33,857)
  Yes 0.19 (0.39) 0.23 (0.42)
  No 0.70 (0.46) 0.67 (0.47)
  Missing 0.11 (0.32) 0.10 (0.30)
 Percentage of students absent at school
  Less than 5% 0.71 (0.45) 0.74 (0.44)
  More than 5% 0.15 (0.36) 0.18 (0.38)
  Missing 0.13 (0.34) 0.08 (0.28)
 Percentage of students from disadvantaged families at school
  0–10% 0.17 (0.37) 0.31 (0.46)
  11–50% 0.15 (0.35) 0.28 (0.45)
  >50% 0.05 (0.23) 0.18 (0.39)
  Missing 0.63 (0.48) 0.23 (0.42)
Note. Means with standard deviations in parentheses.
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